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Establishing A Wired Connection Between Each

Set Top Box And A Residential Gateway Of 404
A Residential Local Area Network
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EXTENDING A LOCAL AREA NETWORK

TECHNICAL FIELD

This disclosure relates to an internet protocol media player
with network extender functions for extending a local area
network.

BACKGROUND

Generally, a home network 1includes a single WiF1 enabled
access point (AP) built into a home network gateway (also
called a residential gateway), which 1s usually located 1n a
living room or a home office of the home. WiF1 performance
typically varies with distance between WikF1 enabled mobile
devices and the access-point and may be adversely affected
by certain obstacles inside the home. As a result, a home
network using a single access point can become challenging,
in 2- or 3-story single family houses or residences constructed
of reinforced concrete or metal.

SUMMARY

The Internet may provide next generation high-speed data
and digital media services such as voice, video, gaming, etc.
Broadband networks using fiber optic technologies to an end-
user residence may remove a bandwidth bottleneck between
network operators and an end-user by offering Gigabit per
second and beyond access speeds. To make efficient use of the
access bandwidths available through fiber optic access tech-
nologies, efficient in-house connectivity may be necessary to
connect various digital players and home networking devices
within the end-user residence.

Many homes, especially in North America, have an exist-
ing coaxial cable infrastructure, due to the general prevalence
of cable based television connectivity. Many modern resi-
dences also have structured wiring of Category 5 or newer
twisted pair Ethernet connections. Coaxial cables are broad-
band copper media having usable bandwidths up to about 1
GHz. The present disclosure provides an internet protocol
(IP) media player having network extender functions that
allow a user to extend a home network using existing coaxial
cables. In some implementations, a local area network (LAN)
and/or W1F1 network are bridged through coaxial cables with
a bridging device. Coaxial cables typically terminate at tele-
visions or displays where entertainment media 1s consumed
and broadband data connectivity may be needed to support
new forms of digital entertainment. Arranging the IP media
player function with network extension functions or even
integrating the two into one single home device may be
advantageous for extending a local area network and/or deliv-
ering high-speed broadband data connectivity to several
localities within a home.

Multiple access points within a home may be used to
improve signal coverage 1n a relatively large home or a home
having rooms separated by concrete or metal walls. In many
newly constructed homes, structured wiring of Category 5 or
6 twisted copper pairs are available to support 1 Gb/s data
connectivity from a wiring closet. High-definition contents
such as 4k-resolution and 3-D videos may require relatively
high bandwidth connectivity from a residential gateway to a
set top box, which may not be available with existing wireless
connections offered by a single access point. Moreover, it 1s
difficult to guarantee a quality of service (QoS) with wireless
connections offered by WikF1 connectivity. In some imple-
mentations, the set top box includes network bridging, allow-
ing the set top box to act as a network extender for in-home
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2

networking. The network extender may extend the coverage
of WiF1 connectivity through Layer 2 bridging using coaxial
cable or structured Ethernet connections. Moreover, the set
top box may extend the Ethernet connectivity through coaxial
bridging.

One aspect of the disclosure provides a set top box that
includes a network extender and a media player in commu-
nication with the network extender. The network extender 1s
connectable to a residential gateway of a local area network
through a wired connection. The media player includes a
computing processor executing instructions to format a signal
received from the network extender for use by a media device.
The set top box also includes at least one wireless transcerver
in communication with the network extender.

Implementations of the disclosure may include one or
more of the following features. In some implementations, the
set top box includes memory for storing the executable
instructions. The network extender may be a network bridge
or a switch having multiple ports. In some implementations,
the network extender 1s capable of providing at leasta 1 Gb/s
data transier rate.

The at least one wireless transceiver may be configured as
a W1F1 access point having the same service set identifier(s)
(SSID(s)) as the residential gateway. In some examples, the
residential gateway passes the SSID(s) to the network
extender.

The set top box may include an application-specific inte-
grated circuit integrating thereon the network extender, the
media player, and/or the at least one wireless transcerver. In
some examples, the set top box includes a Bluetooth trans-
ceiver and/or an 1nfrared transceiver in communication with
the network extender. Moreover, the media player may be an
internet protocol media player.

Another aspect of the disclosure provides a local area net-
work system that includes a residential gateway in wired
communication with a remote service provider and multiple
set top boxes 1 wired communication with the residential
gateway. Each set top box includes a network extender having
a wired connection to a residential gateway of a local area
network, a media player in communication with the network
extender, and at least one wireless transceiver in communi-
cation with the network extender. The media player includes
a computing processor executing instructions to format a
signal received from the network extender for use by a media
device. Each set top box 1s configured as an access point for a
local area network of the residential gateway.

In some 1mplementations, the network extender 1s a net-
work bridge or a switch having multiple ports. The network
extender may be capable of providing at least a 1 Gb/s data
transier rate.

The at least one wireless transceiver of each set top box
may be configured as a Wik1 access point having the same
service set 1identifier(s) as the residential gateway. Moreover,
the residential gateway can pass the service set identifier(s) to
cach set top box.

In some implementations, each set top box turther includes
an application-specific imtegrated circuit integrating thereon
the network extender, the media player, and/or the at least one
wireless transcerver. Each set top box may include a Blue-
tooth transceiver and/or an inirared transcetver in communi-
cation with the network extender.

The local area network system may include an optical
network terminal in communication with the residential gate-
way. The optical network terminal may be integrated with the
residential gateway and configured as an access point. In
some examples, the wired connection from the remote service
provider 1s a fiber optic cable connection. Moreover, the
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wired connection between the set top boxes and the residen-
tial gateway may be a coaxial cable connection and/or over an

RJ-45 intertace.

In yet another aspect, a method of extending a local area
network icludes placing multiple set top boxes about a resi-
dence and establishing a wired connection between each set
top box and a residential gateway of the local area network.
Each set top box includes a network extender having a wired
connection to the residential gateway, a media player 1n com-
munication with the network extender, and at least one wire-
less transceiver in communication with the network extender.
The media player includes a computing processor executing
instructions to format a signal received from the network
extender for use by a media device. Each set top box receives
data packets from the residential gateway through the corre-
sponding wired connections and 1s an access point for the
local area network.

In some implementations, the method 1ncludes establish-
ing a wireless connection between at least one of the set top
boxes and a local computing device 1n the local area network.
The wireless connection may be a WikF1 connection, a Blue-
tooth connection, or an infrared connection. The method may
include establishing a wired connection between the residen-
tial gateway and a remote service provider. The wired con-
nection may be a fiber optic connection.

The details of one or more implementations of the disclo-
sure are set forth in the accompanying drawings and the
description below. Other aspects, features, and advantages
will be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B provide schematic views of exemplary
architectures of a fiber-to-the-home (F1TH) network.

FIG. 2A provides a schematic view of an exemplary set top
box.

FIG. 2B provides a schematic view an exemplary residen-
tial network having a set top box connected to a residential
gateway through an RJ-45 LAN interface.

FIG. 2C provides a schematic view of an exemplary resi-
dential network having a set top box connected to aresidential
gateway through a coaxial interface.

FIGS. 3A and 3B are schematic views of exemplary resi-
dential networks within a home.

FI1G. 4 1s schematic view of an exemplary arrangement of
operations for a method of extending a local area network.

Like reference symbols 1n the various drawings indicate
like elements.

DETAILED DESCRIPTION

New access technologies, such as fiber to the home
(FI'TH), are removing the bandwidth bottleneck between
Internet service providers and end-user homes by providing
sustainable and symmetric 1 Gb/s connectivity to end users.
Such fiber access technology could potentially increase an
access bandwidth to 10 Gb/s or above between service pro-
viders and end users.

FIGS. 1A and 1B provide schematic views of exemplary
architectures of a fiber-to-the-home (FT'TH) network 100
establishing fiber-optic communications between an Internet
service provider 110 and a residential network 130 of an
end-user. An optical line termination 112 (OLT) may provide
a service provider endpoint for a passive optical network 120
that includes optical fiber 122 connecting the Internet service
provider 110 to the end-user residential network 130. The
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4

optical line termination 112 converts electrical signals used
by service provider equipment to/from {fiber-optic signals
used by the passive optical network 120. The optical line
termination 112 also coordinates multiplexing between con-
version devices (e.g., optical network terminals).

An optical network terminal 132 (ONT) converts an optical
signal recerved from the Internet service provider 110 (over
the passive optical network 120) into an electrical signal and
provides Layer 2 media access control functions for the end-
user residential network 130. The media access control
(MAC) data communication protocol sub-layer, also known
as the medium access control, 1s a sub-layer of the data link
layer (Layer 2) specified in the seven-layer Open Systems
Interconnection model (OSI model). Layer 1, the physical
layer, defines electrical and physical specifications for
devices. Layer 2, the data link layer, provides addressing and
channel access control mechamisms, allowing several termi-
nals or network nodes to communicate within a multiple
access network incorporating a shared medium, e.g., Ethernet
or coaxial cables.

A residential gateway 134 (RG) of the residential network
130 provides Layer 3 network termination functions. The
residential gateway 134 may be equipped with multiple Inter-
net protocol (IP) interfaces. In some implementations, the
optical network terminal 132 and the residential gateway 134
are integrated as a single optical network-residential gateway
device 133 (as shown 1n FIG. 1B). The residential gateway
134 acts as an access point for the residential network 130, for
example, by offering WiF1 connectivity to the residential
network 130.

IP network devices 136 may be connected to the residential
gateway 134 through a wired connection, such as a coaxial
interface 135, an RJ-45 interface 137, and/or a wireless inter-
face, such as an RG-45 Ethernet interface for 802.11 WiF1. In
the example shown, an IPTV set top box 136a (S1B), inter-
faces with the Internet through an RJ-45 connection with the
residential gateway 134 and with a television 140 through a
high definition multimedia interface (HDMI). Other possible
IP network devices 136 that may be connected to the residen-
tial gateway 134 include a computer 1365, a voice-over-1P
phone 136¢, and/or a portable electronic device 1364 (e.g.,
cell phone, tablet computer, etc.). POTS (plain old telephone
service) terminations 138 (FIG. 2B) may also be provided by
the optical network terminal 132 and/or the residential gate-
way 134.

FIG. 2A provides a schematic view of an exemplary set top

box 200, which may connect to the Internet through a wired
connection. The term wired connection or wired communi-
cation refers to the transmission of data over a wire-based or
cable-based communication technology, such as, but not lim-
ited to, telephonic lines and/or networks, coaxial cables, tele-
vision or iternet access through a cable medium, fiber-optic
cables, etc. Since current WikFi1 technologies cannot offer 1
Gb/s connectivity, a WiF1 mterface between the set top box
200 and the residential gateway 134 may cause a bandwidth
bottleneck 1n the residential network 130.

Wik1 throughput and performance depends on many fac-
tors such as distance from an access point, obstructions by
walls, interference from other sources, etc. In a household
where multiple set top boxes 200 are needed (e.g., one in each
bedroom), Wi-Fi1 connectivity between the set top boxes 200
and a residential gateway 134 acting as a single wireless
access point for the residential network 130 could be prob-
lematic. With a single Wi-F1 access point, the Wik1 coverage
in a typical suburban household could be sporadic with blind
spots having bad signal throughput and reception. Moreover,
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total bandwidth of a single access point may be insuificient to
support all in-home networking needs.

The set top box 200 1ncludes a network extender 210 pro-
viding network extension functionality, extending accessibil-
ity of the residential network 130 and improving coverage of
the residential network 130. The network extender 210 may
be a network bridge offering layer 2 bridging capability or a
network switch (e.g., a bridge with numerous ports). In some
examples, the network extender 210 includes one or more
RJ-45 local area network (LAN) connections 212 and/or a
coaxial interface 214, which could, for example, comply with
the MoCA (Multimedia over coaxial cable Alliance) standard

or ITU-T G.hn standard.

Bridging 1s a forwarding technique used 1n packet-
switched computer networks. Unlike routing, bridging makes
no assumptions about where 1n a network a particular address
1s located. Instead, 1t depends on tflooding and examination of
source addresses 1n recerved packet headers to locate
unknown devices. Once a device has been located, 1ts location
can be recorded 1n a table where the source address 1s stored
so as to avoid the need for further flooding. The bridging
capability of the network extender 210 extends the residential
network 130 as a local area network. As a network bridge, the
network extender 210 may connect multiple network seg-
ments at the data link layer (Layer 2) of the Open Systems
Interconnection model (OSI) model. Moreover, the network
extender 210 may support multiple virtual local area net-
works (VL ANSs) inside the residential network 130.

FIG. 2B provides a schematic view of an exemplary resi-
dential network 130 having the set top box 200 connected to
the residential gateway 134 (or integrated optical network
terminal—residential gateway 133) through the RJ-45 LAN
interface 212. FI1G. 2C provides a schematic view of an exem-
plary residential network 130 having the set top box 200
connected to the residential gateway 134 (or integrated opti-
cal network terminal—residential gateway 133) through the
coaxial interface 214. In both cases, the network extender 210
acts as a Layer 2 bridging device, extending the residential
network 130.

Referring to FIGS. 2A-2C, 1n some implementations, the
set top box 200 includes a media player 220 (e.g., an internet
protocol and/or high definition (HD) media player) in com-
munication with the network extender 210. The media player
220 may combine a hard drive (HD) enclosure with hardware
and software for playing audio, video and photos through a
home entertainment system, for example. The media player
220 may imnclude a computing processor 225 executing
instructions to format a signal received from the network
extender 210 for use by a media device, such as a television
140. The media player 220 may also include memory 227 for
storing the mstructions. The media player 220 may include
one or more peripheral iterfaces 222, such as an HDMI
interface 222a, a universal serial bus (USB) interface 2225, a
composite video interface 222¢ for backward compatibility
with legacy analog TV's, and/or an optical audio port intertace
222d. In some implementations, the network extender 210
and the media player 220 are arranged together or even 1nte-
grated together within the set top box 200 (e.g., within the
same housing and/or on the same 1ntegrated circuit).

The set top box 200 may include one or more wireless
transceivers 230, such as a network interface controller (NIC)
230a or Wi-F1 interface, a Bluetooth device 23054, and/or an
inirared (IR) device 230c¢, allowing the set top box 200 to act
as a wireless access point (WAP) for the residential network
130. The Bluetooth and IR interfaces may be used for com-
municating with a remote control.
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A system on a chip or system on chip (SoC or SOC) 1s an
integrated circuit (IC) that integrates components of a com-
puter or other electronic system nto a single chip. It may
contain digital, analog, mixed-signal, and often radio-ire-
quency functions all on a single chip substrate. In some
implementations, system on a chip (SOC) technologies may
be used to combine the network extender 210 with the media
player 220, and/or the wireless transcerver(s) 230 on a single
application-specific integrated circuit (ASIC).

The WiF1 interface 230a may be configured as an access
point with the same SSID(s) (service set identifier(s)) as
configured by the residential gateway 134. In some examples,
the residential gateway 134 just passes the SSID(s) to the
network extender 210. To the end user, this creates a single
seamless WiF1 network that supports user roaming from one
location to another location with relatively good wireless
signal reception anywhere in the residential network 130.
Multiple set top boxes 200, acting as WiF1 access points,
within the residential network 130 can be configured with
frequency settings that mimimize interference and offer opti-
mal signal throughput and network robustness.

Referring to FIGS. 3A and 3B, 1n some implementations, a
home 300 may include a coaxial network 302 and/or a struc-
tured wiring network 304 (e.g., CAT 5 wiring, RJ-45 Ethernet
cables) that can be used to provide a wired connection
between the residential gateway 134 (or integrated optical
network terminal—residential gateway 133) and multiple set
top boxes 200 (media players 220 with network extenders 210
(MP w/NE)) throughout the home 300 (e.g., 1n multiple
rooms).

Existing structured wiring or coaxial cable within a resi-
dential home 300 can be used with multiple set top boxes 200
to expand the residential network 130. The coaxial interface 1s
a ubiquitous broadband medium with 1 GHz bandwidth capa-
bilities which has been widely used in cable television
(CATV) signal distribution. Coaxial cable terminations in a
user residence are typically located next to a television 140,
which 1s convenient for the set top box 200. The MoCA 2.0
standard supports 400 Mb/s throughput in a single 100 MHz
frequency channel on a coaxial cable network using orthogo-
nal frequency-division multiplexing (OFDM), which 1s a
method of encoding digital data on multiple carrier frequen-
cies, and without MoCA channel bonding. With channel
bonding (i.e. using two 100 MHz frequency channels for
transmission), MoCA 2.0 can support a maximum of 800
Mb/s transmission throughput over coaxial cable. The ITU-T
G.hn advertises 1 Gb/s throughput over coaxial cable.

RJ-45 LAN connections are a robust, full-duplex technol-
ogy that can provide 1 Gb/s sustained throughput. In some
examples, the coaxial network 302 and the structured wiring
network 304 (RJ-45 interface) are used in a mixed manner
where set top boxes 200 1n certain sections of the home 300
are connected to the residential gateway 134 using the struc-
tured wiring network 304 (e.g., RJ-45 L AN cables) and other
set top boxes 200 in other sections of the home 300 are
connected to the residential gateway 134 using the coaxial
network 302. To prevent Layer 2 network loops and broadcast
storms, a spanning tree protocol (STP) may be executed in the
coaxial network 302 and the structured wiring network 304
with the structured wiring network 304 (RJ-45 interface)
receiving a higher priority than the coaxial network 302.

FIG. 4 1s schematic view of an exemplary arrangement 400
of operations for a method of extending a local area network.
The method 1includes placing 402 multiple set top boxes 200
about a residence or home 300 and establishing 404 a wired
connection between each set top box 200 and a residential
gateway 134 of a residential local area network 130. In some
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implementations, the method includes establishing a wireless
connection between at least one of the set top boxes 200 and
alocal computing device, such as a portable computer or an IP
network device 136, 1n the residential local area network 130.
The wireless connection may be a WiFi1 connection, a Blue-
tooth connection, or an inirared connection. The method may
include establishing a wired connection between the residen-
tial gateway 134 (or itegrated optical network terminal—
residential gateway 133) and a remote service provider 110.
The wired connection may be a fiber optic connection.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made without departing from the spirit and scope of
the disclosure. Accordingly, other implementations are
within the scope of the following claims.

What 1s claimed 1s:

1. A set top box comprising;:

an application-specific integrated circuit comprising and

integrating thereon:

a network extender connectable to a remote residential
gateway of a local area network through a wired con-
nection, the network extender capable of providing at
least a 1 Gb/s data transfer rate; and

a media player in communication with the network
extender and having a computing processor executing
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instructions to format a signal received from the net-
work extender for use by a media device; and

at least one wireless transceiver in communication with the

network extender, the at least one wireless transceiver
configured as a WikF1 access point having the same at
least one service set identifier as the residential gateway,
extending the local area network.

2. The set top box of claim 1, further comprising memory
for storing the executable instructions.

3. The set top box of claim 1, wherein the network extender
comprises a network bridge.

4. The set top box of claim 1, wherein the network extender
comprises a switch having multiple ports.

5. The set top box of claim 1, wherein the application-
specific itegrated circuit integrates thereon the at least one
wireless transcerver.

6. The set top box of claim 1, further comprising a Blue-
tooth fransceiver 1n communication with the network
extender.

7. The settop box of claim 1, further comprising an infrared
transceiver in communication with the network extender.

8. The set top box of claim 1, wherein the media player
comprises an internet protocol media player.
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